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Summary 
The generation of an accessible heat shock promoter 
in chromatin in vitro requires the concerted action of 
the GAGA transcription factor and NURF, an ATP- 
dependent nucleosome remodeling factor. NURF is 
composed of four subunits and is biochemically dis- 
tinct from the SWl2/SNF2 multiprotein complex, a 
transcriptional activator that also appears to alter 
nucleosome structure. We have obtained protein mi- 
crosequence and immunological evidence identifying 
the 140 kDa subunit of NURF as ISWI, previously of 
unknown function but highly related to SWl2/SNF2 
only in the ATPase domain. The ISWI protein is local- 
ized to the cell nucleus and is expressed throughout 
Drosophila development at levels as high as 100,000 
molecules/cell. The convergence of biochemical and 
genetic studies on ISWI and SWl2/SNF2 underscores 
these ATPases and their close relatives as key com- 
ponents of independent systems for chromatin re- 
modeling. 
Introduction 
The packaging of eukaryotic DNA in nucleosomes pres- 
ents an obstacle to the process of transcription that must 
be unraveled to facilitate access of transcription factors 
and RNA polymerases (for reviews see Grunstein, 1990; 
Felsenfeld, 1992; Kornberg and Larch, 1992). How nucleo- 
some structure is perturbed so as to allow the assembly 
of protein-DNA complexes at promoters and other regula- 
tory sequences is a key problem in the study of chromatin 
and transcription. In addition to the influence of DNA se- 
quence and structure, histone modification, and the bind- 
ing of sequence-specific transcription factors, the sources 
of nucleosome disruption include a number of cofactors 
whose function may be specialized for the purpose of 
nucleosome reconfiguration (for reviews see Becker, 
1994; Kornberg and Larch, 1995; Owen-Hughes and 
Workman, 1994; Paranjape et al., 1994; Wallrath et al., 
1994; Wolffe, 1994). 
One such cofactor, the 11 -subunit yeast SWVSNF com- 
plex, may assist sequence-specific transcription factors 
in counteracting the repressive effects of nucleosomal his- 
tones on transcription (for reviews see Winston and Carl- 
son, 1992; Carlson and Laurent, 1994; Peterson and Tam- 
kun, 1995). The SWl2/SNF2 subunit of this complex 
contains sequence motifs closely related to those found 
in DNA-stimulated ATPases (Davis et al., 1992; Laurent 
et al., 1992; Henikoff, 1993) and the recombinant SWl2/ 
SNF2 protein as well as the whole SWllSNF complex pos- 
sesses DNA-stimulated ATPase activity in vitro (Laurent 
et al., 1993; Cairns et al., 1994; C&e et al., 1994). Recent 
biochemical studies have suggested that the SWVSNF 
complex uses the energy of ATP hydrolysis to facilitate 
the binding of activator proteins to nucleosomal DNA by 
promoting the dissociation of histone H2A-H26 dimers 
(0% et al., 1994). 
Several candidates for functional homologs of SW/2/ 
SNF2 have been identified in higher eukaryotes, including 
the Drosophila brahma (brm) gene, an activator of homeo- 
tic genes (Kennison and Tamkun, 1988; Tamkun et al., 
1992) and the highly related human BRG7 and hbrm 
genes (Khavari et al., 1993; Muchardt and Yaniv, 1993). 
Other close relatives of SW/2/SNF2 include the yeast STH7 
(Laurentetal., 1992), Drosophila/SW/(Elfringetal., 1994), 
mouse CHD7 (Delmas et al., 1993; Stokes and Perry, 
1995), and human SNF2L genes (Okabe et al., 1992). Al- 
though the functions of most of these genes and their 
encoded proteins are unknown, it is possible that multiple 
protein complexes, each containing a different member 
of the SWl2/SNF2 ATPase family, may be involved in as- 
pects of chromatin remodeling in eukaryotic cells. 
We have employed a biochemical approach to investi- 
gate mechanismsof nucleosomedisruption, using acrude 
Drosophila embryo extract that is capable of assembling 
long arrays of regularly spaced nucleosomes in vitro 
(Becker and Wu, 1992). Recently, we have been able to 
achieve the disruption of a nucleosomal array in vitro as 
revealed by the creation of a DNase I hypersensitive site 
on the Drosophila hsp70 promoter and a redistribution of 
neighboring nucleosomes (Tsukiyama et al., 1994). The 
process of disruption was found to involve the constitu- 
tively active GAGA transcription factor and an unknown, 
ATP-dependent cofactor present in Drosophila embryo ex- 
tracts. This cofactor, referred to as the nucleosome remod- 
eling factor (N URF), has been purified to homogeneity and 
consists of four major polypeptides of 215 kDa, 140 kDa, 
55 kDa, and 38 kDa associating in a native complex of 
-500 kDa (Tsukiyama and Wu, 1995 [this issue of Cell]). 
The native size and subunit composition of NURF contrast 
sharply with the size and composition of the yeast SWll 
SNF complex, and unlike the DNA-dependent ATPase ac- 
tivityof SWl2/SNF2, the ATPase activity of NURF isstimu- 
lated by nucleosomes rather than by free DNA (Tsukiyama 
and Wu, 1995). 
To elucidate the composition and mechanism of NURF 
action, we have sought to identify and clone the subunits 
of the NURFcomplex. Our approach involved the purifica- 
tion of sufficient quantities of NURF polypeptides for pep- 
tide microsequencing and reverse genetic analysis. Al- 
though the size, composition, and activity in vitro of NURF 
appeared to be distinct from those of the SWllSNF com- 
plex, two subunits of the NURF complex, NURF-215 and 
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NURF-140, are similar in size to the Drosophila BRM and 
ISWI proteins, respectively. We therefore explored in 
parallel the possibility that NURF polypeptides might be 
immunologically related to members of the SWl2/SNF2 
ATPase family in Drosophila. In a convergence of experi- 
mental findings, the peptide microsequencing and immu- 
nological approaches simultaneously identified the 140 
kDasubunitof NURFastheimitationswitch(ISWI)protein. 
Results 
Microsequence Analysis of NURF-140 
To determine the identity of NURF polypeptides by micro- 
sequencing, we purified - 100 pg of NURF protein from 
nuclear extracts of O-12 hr Drosophila embryos through 
seven chromatographic steps as described previously 
(Tsukiyamaand Wu, 1995). The four major NURFpolypep- 
tides from the glycerol gradient fraction in the final step 
of two independent purifications can be observed by SDS- 
polyacrylamide gel electrophoresis (SDS-PAGE) and 
Coomassie blue staining (Figure 1A). The 140 kDa NURF 
polypeptide (NURF-140) was subjected to in-gel digestion 
by Lysyl endopeptidase, and the resulting peptides were 
eluted and separated by reverse-phase high pressure liq- 
uid chromatography (HPLC) (Collins et al., 1995). The se- 
quences of six peptides were determined by micro- 
sequence analysis (Figure 1 B). In a search of the available 
sequence databases, all six peptide sequences were 
found to match uniquely and completely sequences in the 
predicted Drosophila ISWI protein, a member of the SWl2/ 
SNFP ATPase family of previously unknown function 
(Elfring et al., 1994). The peptide sequences of NURF-140 
are located within the conserved ATPase domain of ISWI 
as well as sequences N- and C-terminal to this region. 
Immunological Analysis of NURF 
In a parallel approach to investigate the relationship be- 
tween NURF and members of the SWl2/SNF2 family, we 
compared the immunoreactivity of NURF with rabbit poly- 
clonal antibodies prepared against the C-terminal 134 resi- 
dues of BRM (L. Elfring and J. T., unpublished data), and 
the C-terminal 117 residues of ISWI fused to glutathione 
S-transferase (GST-ISW1910-1027). The C-terminal 117 resi- 
dues of ISWI lie away from the conserved ATPase domain 
(Elfring et al., 1994), generating an antibody that does not 
cross-react with the BRM protein or other members of the 
SWl2/SNF2 family in Drosophila (data not shown; see also 
Figure 3). 
As revealed by Western blotting, the BRM protein was 
found to copurify with NURF activity only in the initial three 
steps of NURF purification, while the ISWI protein tracked 
with NURF activity to the end of the seven-step purification 
(data not shown). Moreover, a comparative analysis of the 
immunoreactivities of the GST-ISW1910-1027 fusion protein 
and purified NURF-140 protein showed that similar molar 
amounts of GST-ISW19,0-1027 and NURF-140 produced ap- 
proximately equivalent signals on the Western blot (Figure 
1C). The data strongly suggest that ISWI is NURF-140, 
as opposed to a minor contaminant in the purified NURF 
31- 
Figure 1. /SW/ Encodes NURF-140 
(A) SDS-PAGE and Coomassie blue staining of purified NURF. Two 
independently purified preparations of NURF are shown in lanes 1 
and 2. 
(B) Amino acid sequences of NURF-140 peptides (top). The sequence 
matches to residues of ISWI are shown (bottom). Computer matches 
were determined using BLAST (Altschul et al., 1990). 
(C) Immunological reactivity of NURF-140 and GST-C-terminal ISWI 
fusion protein. Approximately equimolar quantities of these polypep- 
tides were analyzed by SDS-PAGE and Western blotting. The slightly 
lower signal from NURF-140 may be due to differential blotting efficien- 
cies between large and small polypeptides. The position of NURF-140 
exactly overlaps the ISWI polypeptide on the Western blot. 
preparations. Since the antibody employed in these stud- 
ies was raised to the C-terminal portion of the ISWI protein 
where none of the sequenced NURF-140 peptides are lo- 
cated, the microsequencing and immunological analyses 
complement each other and rigorously support the conclu- 
sion that /SW/ encodes NURF-140. The antibody to GST- 
ISW1910-1027 failed to show reactivity with NURF in coimmu- 
noprecipitation and neutralization assays, possibly be- 
cause of the restricted nature of the antigen. 
ISWI and BRM Form Distinct Complexes in the Cell 
To investigate further the relationship between ISWI and 
BRM, the putative Drosophila SWl2/SNF2 homolog, we 
compared the native state of BRM and ISWI proteins in 
whole Drosophila embryo extracts by gel filtration chroma- 
tography and Western blotting (Figure 2). The ISWI protein 
chromatographed in a complex of -500 kDa, which is 
consistent with the native molecular weight of NURF as 
measured by glycerol gradient centrifugation (Tsukiyama 
and Wu, 1995). The coincidence of thevalues of the native 
molecular weight obtained by these two techniques indi- 
cates that the native NURF complex has a globular, rather 
than an extended shape. 
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Figure 2. The ISWI and BRM Proteins Are Components of Distinct 
High Molecular Weight Complexes in Embryo Extracts 
Protein (0.8 mg) extracted from Drosophila embryos was applied to 
a Superose 6 FPLC gel filtration column and eluted with 50 mM Na 
phosphate (pH 7.8), 425 mM NaCI. Fractions (0.5 ml) were collected 
and assayed for BRM and ISWI proteins by Western blotting. The 
elution volumes of protein standards are marked by arrows. Note that 
the BRM and ISWI proteins elute from the column with apparent native 
molecular weights of 2000 kDa and 500 kDa, respectively. 
As reported previously (Dingwall et al., 1995), the native 
BRM protein chromatographed with a molecular weight 
of -2000 kDa, similar to the size of the yeast SWVSNF 
complex (Peterson et al., 1994). The BRM complex was 
completely separable from the native ISWVNURF com- 
plex (Figure 2). Each protein chromatographed in a rela- 
tively discrete peak; the presence of smaller intermediates 
or uncomplexed subunits was not detected. The results 
suggest that ISWI and BRM each form one major complex 
in the cell, although the possibility of cryptic heterogeneity 
within a single chromatographic peak is not excluded. 
Expression of ISWI during Drosophila Development 
Although the /SW/ RNA is widely distributed in the early 
embryo, its spatial expression becomes restricted to the 
ventral nerve cord, the brain, and the gonads following 
germ band retraction (Elfring et al., 1994). Northern blot 
analysis has shown that relatively little /SW/ RNA is present 
after midembryogenesis (Elfring et al., 1994). Based on 
these temporal and spatial restrictions on RNA expres- 
sion, it has been suggested that /SW/ is not likely to play 
a general role in transcription or other cellular processes. 
However, analysis by Western blotting shows that sub- 
stantial levels of ISWI protein can be detected throughout 
embryonic, larval, and pupal development and in female 
adults (Figure 3A). The ISWI protein is also clearly ex- 
pressed in adult males, although at levels -50-fold lower 
than in O-12 hr embryos (data not shown). The disparity 
in the levels of ISWI protein present in adult males and 
females is likely to result from the expression of relatively 
high levels of ISWI during oogenesis (Elfring et al., 1994). 
We next monitored the spatial distribution of the ISWI 
protein during embryonic and larval development by 
whole-mount immunostaining. In contrast with the restric- 
tion of the /SW/ RNA to the ventral nerve cord, brain, and 
gonads late in embryogenesis, the ISWI protein is dis- 
persed at relatively uniform levels in all nuclei of early and 
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Figure 3. Developmental Expression of the ISWI Protein 
(A) We extracted protein (30 pg for each sample) from Drosophila 
melanogaster embryos (O-3, 3-6, 6-12, 12-18, and 18-22 hr), first 
(Li), second (L2), and third (L3) instar larvae, pupae (P), adult males 
(M), and adult females(F), electrophoresed the samples on 8% SDS- 
polycacrylamide gels, and then analyzed them by Western blotting. 
ISWI protein levels are highest during midembryogenesis; lower levels 
of ISWI are present in larvae, pupae, and adults. 
(B and C) Whole-mount preparations of Drosophila embryos were 
stained with affinity-purified antibodies directed against the ISWI pro- 
tein. (B) shows a nuclear cycle 13 (stage 4) embryo; (C)shows a stage 
14 embryo. The ISWI protein is expressed at uniform levels in all nuclei 
of the developing embryo. 
late embryos (Figures 3B and 3C). The ISWI protein is 
also uniformly expressed in all diploid and polyploid nuclei 
of third instar larvae, including the imaginal discs and sali- 
vary glands (data not shown). We have estimated the 
amount of ISWI protein present in each nucleus of the 
developing embryo by quantitative Western blotting using 
purified GST-ISWl~Io-Ioa7 fusion protein as a standard. Ap- 
proximately equivalent immunoreactivity was observed 
with protein extracted from twenty 3-6 hr embryos and 1 
ng of GST-ISWIQ,+VX~ fusion protein. Since each embryo 
contains - 6000 nuclei, there may be more than 100,000 
molecules of ISWI per nucleus. 
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Evolutionary Conservation of ISWI 
Computer comparisons of ISWI with the available se- 
quence databases suggest that ISWI is widely conserved 
among the eukaryotes. Based on extensive sequence 
identity with ISWI, human SNF24ke (hSNF2L; Okabe et 
al., 1992), a fortuitously identified gene of unknown func- 
tion, was suggested to be a human /SW/ homolog (Elfring 
et al, 1994). Further computer searches revealed potential 
/SW/ homologs in Saccharomyces cerevisiae (Y/395, 
Swiss-Prot accession number P38144; Feldmann et al., 
1994) Caenorhabditis elegans (Swiss-Prot accession 
number P41877), and Arabidopsis thaliana (e.g., Gen- 
Bank accession numbers R65181 and H37089). The Dro- 
sophila ISWI protein is remarkably related to both the yeast 
YB95 and human SNFPL proteins over its entire length 
(Figure 4). In contrast, the similarities between ISWI and 
yeast SWl2/SNF2 and Drosophila BRM are limited only 
to the ATPase domain (Figure 4; Elfring et al., 1994). The 
results suggest that the ISWI, and hence NURF, may 
perform a highly conserved function in all eukaryotic or- 
ganisms. 
Discussion 
Previous biochemical investigations have revealed an 
ATP-dependent chromatin remodeling activity in whole 
Drosophila embryo extracts that facilitates GAGA tran- 
scription factor-mediated disruption of a nucleosomal 
array in vitro (Tsukiyama et al., 1994). These studies led to 
the purification of a nucleosome remodeling factor, NURF, 
that is composed of at least four distinct subunits and pos- 
sesses a novel ATPase activity that is stimulated by 
nucleosomes (Tsukiyama and Wu, 1995). In this report, 
we show that a key subunit of NURF is encoded by ISWI, 
a member of the SWl2/SNF2 family of ATPases. SW/2/ 
SNF2 was originally identified by genetic studies as a tran- 
scriptional activator that directly or indirectly counteracts 
the repressive effects of nucleosomal histones (for reviews 
see Winston and Carlson, 1992; Carlson and Laurent, 
1994; Peterson and Tamkun, 1995). The purified yeast 
SWl2/SNF2 multiprotein complex was subsequently found 
to have ATP-dependent nucleosome disruption activity in 
vitro (Cote et al., 1994), and similar results were obtained 
with partially purified, related human proteins (Imbalzano 
Figure 4. Schematic Comparison of ISWI and 
SWl26NF2 Family Members 
The Drosophila ISWI protein is compared with 
the human SNFZL protein and the yeast YE95 
and SWl2/SNF2 proteins. The positions of the 
bipartite ATP-binding site and other highly con- 
served blocks of sequence within the ATPase 
domain (Henikoff, 1993) are marked by closed 
boxes. Drosophila ISWI, yeast YB95, and hu- 
man SNF2L are highly related over their entire 
lengths; in contrast, the similarities between 
the ISWI and the SWl2/SNF2 proteins are 
limited solely to the DNA-dependent ATPase 
domain. 
200 a.a. 
et al., 1994; Kwon et al,, 1994). The remarkable conver- 
gence of the biochemical and genetic studies on two mem- 
bers of the SWl21SNF2 family underscores the importance 
of this group of ATPases as the energy-transducing com- 
ponents of independent multiprotein complexes with po- 
tential to alter the structure of chromatin. 
The SWIS/SNF2 Family of ATPases 
The discovery that ISWI is part of a chromatin remodeling 
complex suggests that other members of the SWl2/SNF2 
ATPasefamily mayplaysimilar roles in transcription. More 
than twenty members of this family have been identified 
and classified by molecular phylogenetic techniques (for 
review see Eisen et al., 1995). Those that are more closely 
related to ISWI and may have similar functions include 
STHl, an essential yeast protein (Laurent et al., 1992, 
1993), mouse CHDl (Delmas et al., 1993; Stokes and 
Perry, 1995), and yeast YEZ4 (Swiss-Prot accession num- 
ber P32657) proteins. In contrast, many other SWl2/SNF2 
family members are not involved in transcriptional activa- 
tion. Thus, a more cautious interpretation is that SWl2/ 
SNF2 family members share the common property of 
energy-dependent modulation of protein-DNA interac- 
tions in a variety of contexts. 
NURF and SWIISNF, Two Distinct Chromatin 
Remodeling Complexes 
Although NURF and the SWllSNF complex both perturb 
nucleosome structure in an ATP-dependent manner, the 
two complexes are quite distinct in size, in abundance, 
and in mode of contact with the nucleosome (Cote et al., 
1994; Tsukiyama and Wu, 1995). Perhaps the most reveal- 
ing distinction lies in the means by which the ATPase activ- 
ities of the SWVSNF and NURF complexes are stimulated. 
The ATPase activity of the SWllSNF complex is stimulated 
by DNA (Laurent et al., 1993; Cairns et al., 1994; C&e et 
al., 1994), while that of NURF is stimulated by assembled 
nucleosomes (Tsukiyama and Wu, 1995). These results 
suggest that the substrate for the SWVSNF complex is 
DNA in the nucleosome core particle or in the linker region, 
while the substrate for NURF is the combined DNA-his- 
tone complex, i.e., the nucleosome itself. It is possible that 
the underlying mechanism for nucleosome disruption by 
the two complexes is also different. 
f,;yi a Subunit of NURF 
Potential Functions for NURF 
The stimulation of the ATPase activity of NURF by nucleo- 
somes rather than by free DNA suggests that the primary 
function of this complex may be to perturb the structure 
of nucleosomes directly. Such a fundamental role is con- 
sistent with the evolutionary conservation and ubiquitous, 
high level expression of ISWI. The perturbation of nucleo- 
some structure may not be limited to facilitating the binding 
of sequence-specific transcription factors as shown for 
GAGA factor and HSF (Tsukiyama and Wu, 1995). In prin- 
ciple, NURF could also facilitate the binding of other tran- 
scription factors, the assembly of the transcription initia- 
tion complex in chromatin, and the movement of an 
elongating RNA polymerase through a nucleosomal array. 
The perturbation of nucleosome structure by NURF may 
also facilitate other processes that occur on chromatin 
templates, including DNA replication, recombination, and 
repair. 
Although the identification of the ISWI ATPase subunit 
of NURF represents a key advance toward an understand- 
ing chromatin remodeling, further studies are required to 
elucidate the mechanism by which NURF destabilizes the 
structure of the nucleosome. For this purpose, it will be 
necessary to identify the remaining three subunits of 
NURF and investigate how the NURF polypeptides act as 
a complex to modify the structure of the nucleosome in 
an ATP-dependent manner. It will also be essential to de- 
termine the physiological function of ISWI and NURF in 
the cell. These studies should be facilitated by the study 
of ISWI mutants in Drosophila and by revelations from the 
genome sequencing projects of potential ISWI homologs 
in other genetically tractable organisms. 
Experimental Procedures 
Purification of NURF 
NURF was purified from nuclear extracts of O-12 hr Drosophila em- 
bryos up to the glycerol gradient step as described (Tsukiyama and 
wu, 1995). 
Peptide Sequencing 
The glycerol gradient fractions containing NURF were precipitated 
with acetone and separated by SDS-PAGE. The 140 kDa subunit 
of NURF was digested with Achromobactor protease within the gel 
(Rosenfeld et al., 1992) and processed as described (Collins et al., 
1995), except that 500 ng of protease and 0.1% of Tween 20 were 
used for protease digestion. 
Preparation of ISWI Fusion Proteins and Antibodies 
Plasmids expressing a GST-ISWI fusion protein were generated by 
inserting an ISWI EcoRI-SauBAfragment (encoding amino acids 910- 
1027) into the bacterial expression vector pGEX1 (Pharmacia). Fusion 
protein was produced in Escherichia coli, extracted from inclusion 
bodies with 8 M urea, and purified by electrophoresis on 9% SDS- 
polyacrylamide gels using standard procedures (Harlow and Lane, 
1988). Following electroelution from the gel, the purified GST-ISWlsl, 
,027 fusion protein was dialyzed against phosphate-buffered saline and 
used to immunize rabbits as described by Harlow and Lane (1988). 
Antibodies against GST were removed by passing whole sera over a 
Affi-Gel 15 (Bio-Rad) column to which GST had been coupled ac- 
cording to the instructions of the manufacturer. Antibodies against 
ISWI were harvested from the unbound material by incubation with 
nitrocellulosestripscontaining 1 mgof GST-ISW191a.102,fusion protein. 
Following elution with 100 mM glycine (pH 2.5) and neutralization with 
1 ml of Tris (pH 8.0) the affinity-purified antibodies were dialyzed 
against 50 mM Tris (pH 7.5) 1 mM EDTA, 10% glycerol, 100 mM NaCl 
and stored at -80°C. 
SDS-PAGE and Western Blotting 
Samples were electrophoresed on an 8% SDS-polyacrylamide gel 
(Laemmli, 1970) and transferred to nitrocellulose membranes ac- 
cording to standard procedures. Following a 1 hr incubation with Tris- 
buffered saline, 0.1% Tween containing 3% BSA, 10% dry milk, and 
4% normal goat serum, Western blots were incubated for 1 hr at room 
temperature with affinity-purified primaryantibodydiluted in hybridiza- 
tion buffer (Tris-buffered saline, 0.1% Tween, 3% BSA). After exten- 
sive washing, blots were incubated with horseradish peroxidase-con- 
jugated secondary antibody (goat anti-rabbit: Bio-Rad) diluted in 
incubation buffer. Secondary antibody was detected using the ECL 
system (Amersham). 
Gel Filtration Chromatography of BRM and 
ISWI/NURF Complexes 
Native whole protein extracts from Drosophila melanogaster (Df(7)w) 
embryos were prepared as described by Dingwall et al. (1995). Protein 
(0.8 mg) was applied to a Superose 6 FPLC column and eluted with 
50 mM Na phosphate (pH 7.8), 425 mM NaCI. Fractions (0.5 ml) were 
collected and assayed for BRM and ISWI proteins by Western blotting 
as described above. 
Developmental Western Blots 
Protein extracts were prepared from staged wild-type (Oregon R) Dro- 
sophilaembryosasdescribed by Dingwall et al. (1995). Larvae, pupae, 
and adult flies were homogenized in boiling electrophoresis sample 
buffer containing 2% SDS using a Polytron tissue homogenizer and 
frozen in liquid nitrogen. For each developmental stage, 30 ng of pro- 
tein were analyzed by Western blotting as described above using affin- 
ity-purified antibodies against ISWI. 
Whole-Mount lmmunostaining of Drosophila 
Embryos and Larvae 
Drosophila Oregon R O-24 hr embryos were fixed and stained with 
affinity-purified anti-ISWI antibody and HRP-conjugated goat anti- 
rabbit secondary antibody (Bio-Rad) as described by Reuter and Scott 
(1990). Oregon R larvae were fixed and stained with affinity-purified 
anti-ISWI antibody as described by Pattatucci and Kaufman (1991). 
Embryos and imaginal discs were examined on a Leitz Aristoplan mi- 
croscope using Nomarski optics. 
identification and Alignment of ISWI-Related Proteins 
The National Center for Biotechnology Information BLAST electronic 
mail server was used to identify sequences related to ISWI in the 
GenBank 89, EMBL41 .O, PIR45.0, andSWISSPROT31 .Odatabases 
using the tblastn and blastp programs (Altschul et al., 1990) and the 
BLOSUM62 matrix (Henikoff and Henikoff, 1992). Protein sequences 
were aligned using the multiple alignment program (Huang, 1994) and 
the BLOSUM50 matrix. 
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